INTRODUCTION
============

Sleep is a necessary feature of human health. Although the short-term effects of poor sleep quality, such as tiredness, fatigue, loss of concentration, and injuries have long been recognized, the longer-term impacts have not been extensively studied. With evidence to suggest increasing levels of sleep disturbance in the community,^[@r01]--[@r03]^ these longer-term health impacts of poor sleep quality are of increasing interest. A small number of epidemiologic studies have investigated sleep quality and a range of long-term health outcomes, including obesity, diabetes, and cancer, and some have reported links between sleep quality and increased morbidity and mortality.^[@r04]--[@r10]^ However, the results of these studies are constrained by limitations in the measurement of sleep quality.

Sleep quality is a complex mix of attributes (otherwise known as domains), including quantitative aspects such as the duration of sleep, time taken to get to sleep (sleep latency), and times woken during sleep (arousals), as well as more subjective aspects such as depth, restfulness, and refreshment.^[@r11],[@r12]^ The number of domains of sleep quality measured in sleep research is influenced by the type and scope of the study being conducted. As a rule, instruments that collect information on larger numbers of domains are limited to assessing short-term and/or recent exposures, which may be insufficient for epidemiologic studies investigating long-term health effects.^[@r13]^

To collect information on long-term exposures, epidemiologic studies have thus far limited the assessment of sleep quality to 1 or 2 questions. Most commonly, these studies ask about usual sleep duration,^[@r14]--[@r17]^ but some studies have asked about subjective quality,^[@r07],[@r08]^ ease of getting to sleep,^[@r06],[@r09],[@r10]^ and use of sleep medications.^[@r10],[@r18]^ While these questions have advantages for the data collection process, they limit the scope for exploring the true relationship between sleep quality and health outcomes.

The Breast Cancer Environment and Employment Study (BCEES) has developed a sleep questionnaire that attempts to address some of the limitations of previous sleep questionnaires by asking questions on a larger number of domains of sleep quality as compared with previous studies (including usual sleep duration on work and non-work days and subjective sleep quality) and by asking participants to identify and describe (frequency, duration, and symptoms) any periods of sleep disturbance persisting longer than 2 weeks over their lifetime.

Given the potential of sleep quality to impact on a range of health outcomes, and the complexities of measuring sleep quality, expanding the scope of sleep quality measurement is an important aim for epidemiology research. However, an expanded measure of sleep quality will only benefit research if it is also shown to be reliable. Thus, the aim of this study was to assess the test-retest reliability of the BCEES sleep questionnaire.

METHODS
=======

Study population
----------------

Subjects for this reliability study were women who were participating as controls in the BCEES study, which was a 3-year population-based case-control study conducted in Western Australia (WA) that investigated the role of environmental and occupational risk factors in the development of breast cancer. Eligible control subjects were women aged 18 to 80 years living in WA between May 2009 and August 2011, and were identified through the electoral roll. Voter enrollment is compulsory in Australia, and the electoral roll is considered a good population sampling frame. BCEES control subjects had no prior diagnosis of breast cancer and were frequency age-matched to cases in 5-year age groups.

Study procedures
----------------

Consenting BCEES participants completed the BCEES questionnaire, which contained demographic and sleep questions. Approximately 2 weeks after the BCEES questionnaire was returned, BCEES control participants were invited to take part in the sleep reliability study. The invitation included an information sheet, consent form, and questionnaire. Participants were asked to sign the consent form, complete the reliability questionnaire, and return it in the reply-paid envelope provided. Participants who did not return the consent form or questionnaire were considered to be non-consenters. This study was approved by the WA Department of Health Human Research Ethics Committee.

Reliability questionnaire
-------------------------

The reliability questionnaire consisted of those sleep questions from the original questionnaire that were most relevant to the main study hypothesis. In addition, the questionnaire was slightly restructured to prioritize the most important questions and allow for clear layout and ease of completion. All but 1 question had categorical answer categories. No demographic information was collected on the reliability questionnaire.

The questionnaire included 8 sleep questions (including sub-questions) that asked about: previous diagnosis of sleep disorders, usual sleep habits (eg, falling asleep with the light on, wearing a mask while sleeping), and domains of usual sleep quality, including sleep duration on work and non-work days and subjective sleep quality (Table [1](#tbl01){ref-type="table"}). In addition, the questionnaire included a table in which participants were asked to record information on up to 7 periods of sleep disturbance during their lifetime (including the age at which it occurred, how many years it lasted, and categorical answers regarding how often they experienced particular symptoms of poor quality sleep).

###### Overview of the sleep questions included in the BCEES study and the frequency of responses from questionnaire 1

  ------------------------------------------------------------------------------------------------------------------------
  Question\   Question                                                               Answer Categories         Frequency
  number                                                                                                       
  ----------- ---------------------------------------------------------------------- ------------------------- -----------
  1           Ignoring the last year, in your adult years, how many hours of\        Less than 5 hours\        2\
              sleep on **work** days did you usually get?                            Between 5--6 hours\       25\
                                                                                     Between 6--7 hours\       66\
                                                                                     Between 7--8 hours\       78\
                                                                                     Between 8--9 hours\       17\
                                                                                     More than 9 hours         4

                                                                                                               

  2           Ignoring the last year, in your adult years, how many hours of\        Less than 5 hours\        3\
              sleep on **non-work** days did you usually get?                        Between 5--6 hours\       15\
                                                                                     Between 6--7 hours\       51\
                                                                                     Between 7--8 hours\       75\
                                                                                     Between 8--9 hours\       41\
                                                                                     More than 9 hours         7

                                                                                                               

  3           Have you ever been told by a doctor or other health professional\      Yes\                      18\
              that you have a sleep disorder, for example insomnia, obstructive\     No                        176
              sleep apnea, restless legs or narcolepsy?                                                        

                                                                                                               

  4           Have you ever taken melatonin to help you sleep?                       Yes\                      12\
                                                                                     No                        180

                                                                                                               

  5           Ignoring the last year, do you generally consider yourself to be a\    Very good sleeper\        43\
              good sleeper? That is, do you fall asleep easily and sleep soundly?    Fairly good sleeper\      102\
                                                                                     Fairly bad sleeper\       34\
                                                                                     Very bad sleeper          8

                                                                                                               

  6           Ignoring the last year, did you ever fall asleep with the light on?    Never or almost never\    100\
                                                                                     Sometimes\                71\
                                                                                     Often\                    14\
                                                                                     Always or almost always   2

                                                                                                               

  ​  6.1      ​ - On those nights when you fell asleep with the light on, did you\   Yes\                      4\
              ​ usually leave it on all night?                                       No                        62

                                                                                                               

  7           Ignoring the last year, did you ever sleep with a mask\                Never or almost never\    174\
              that covers your eyes?                                                 Sometimes\                9\
                                                                                     Often\                    3\
                                                                                     Always or almost always   0
  ------------------------------------------------------------------------------------------------------------------------

Statistical analysis
--------------------

Test-retest reliability was evaluated for individual items, using weighted kappa for categorical variables.^[@r19]^

For the sleep table, 2 variables were calculated for each participant (based on information provided in the sleep table): lifetime sleep loss per year and symptom severity. Although a measure of lifetime sleep loss per year has not been previously calculated, the value of a cumulative sleep variable has been proposed,^[@r20]^ and the concept of cumulative exposure-times has been used in other areas of epidemiologic investigation, for example, pack-years and fiber-years for assessing cumulative exposure to tobacco smoke and asbestos fibers, respectively.

Lifetime sleep loss per year was calculated as a measure of the number of hours of sleep loss a participant had experienced per person-year. The hours of sleep loss for each period of reported sleep disturbance was calculated as the usual duration of sleep on work days minus the hours of sleep reported during the period of disturbance. We used the midpoint of each category because the usual hours of sleep on work days was a categorical variable. For the open-ended categories, we used 4.5 and 9.5 for the lowest and highest categories, respectively. Hours of sleep loss was multiplied by the number of days the sleep disturbance lasted and summed over each period of sleep disturbance for each individual. This sum was then divided by the participant's age (as reported in the first questionnaire). For example, if a 50-year-old participant who usually slept 8 hours per night on work days experienced 1 period of sleep disturbance that lasted 2 years during which she reported getting 6 hours per night, she would have a lifetime sleep loss of 29.2 hours per year. To put sleep-loss years into context, a person sleeping 8 hours a night accumulates 2922 hours of sleep per year. A small number of participants reported a longer than normal duration of sleep during their period of sleep disturbance (particularly in association with depression). This created a negative value for their sleep hours, which ultimately reduced the value of their sleep loss per year. However, because the aim of this study was to assess reliability, rather than association, these values were included.

Symptom severity was a measure of the severity of symptoms experienced during periods of sleep disturbance. For each period of sleep disturbance, participants were asked to report the frequency (never or almost never, sometimes, often, always or almost always) of 4 symptoms of sleep disturbance (trouble falling asleep, waking up during the night, trouble getting back to sleep if woken, and waking up too early in the morning). Frequency was coded as 0 to 3 (never or almost never to always or almost always). The frequency of each symptom was summed within, and then across, each period of disturbance to create a single variable for each participant that ranged from 0 to 84. A score of 0 symptom severity corresponded to participants who did not experience any symptom for any period of sleep disturbance, and a score of 84 corresponded to participants who reported always experiencing all symptoms for the maximum number of periods (7) of sleep disturbance.

To test for mean differences in lifetime sleep loss per year and symptom-severity between the 2 time points, we used the Wilcoxon signed-rank test for matched pairs. To test the level of repeatability we used the 1-way intraclass correlation, or ICC (1, 1), and the limits of agreement (repeatability coefficient), or LOA(r), method.^[@r19],[@r21],[@r22]^ The repeatability coefficient differs from the standard limits of agreement method in that it uses the within-subject standard deviation from a 1-way analysis of variance to calculate the limit (rather than the standard deviation of the difference "between" the 2 time points).^[@r21]^ The limits represent the range within which we expect 95% of the differences between the 2 measurements by the same method to lie. The width of the LOA(r) should be judged according to clinical significance.^[@r21]^ The level of bias (average agreement) was calculated as the mean of the differences between time 1 and time 2. The dependence of the difference on the magnitude of the estimates was assessed by linear regression. All analyses were performed using Stata version 11.1 (StataCorp, College Station, TX, USA).

RESULTS
=======

Data collection started on 14 January 2011 and finished on 15 June 2011. During this time, 231 reliability questionnaires were sent and 195 were returned, a response fraction of 84%.

Table [2](#tbl02){ref-type="table"} shows the demographic features of the study population. The mean age was 60 years (range 30--79 years). Most participants (67%) were born in Australia or New Zealand, and 40% had completed high school.

###### Characteristics of participants in the BCEES sleep reliability study (*n* = 195)

  Characteristics           *n*          \%
  ------------------------- ------------ ----
  Age (mean, SD)            (60, 10.2)   
  Country of birth                        
   Australia/New Zealand    130          67
   United Kingdom/Ireland   42           21
   Europe                   9            5
   Asia                     8            4
   Other                    6            3
  High school education                   
   \<year 9 or equivalent   32           16
   Year 10 or equivalent    62           32
   Year 11 or equivalent    19           10
   Year 12 or equivalent    78           40
   Don't know               4            2

Up to 9 people had missing data for the sleep questions. These people were excluded from the weighted kappa analysis for these questions (Table [3](#tbl03){ref-type="table"}). Most sleep questions showed good agreement, and the strongest agreement (0.78) occurred for the sub-question that asked participants who reported falling asleep with the light on whether they left it on all night. The questions that asked about duration of sleep on work days and duration of sleep on non-work days showed the same agreement (0.71). Fair to moderate agreement was found for the questions that asked participants whether they had ever experienced a period of sleep disturbance in their life (0.60) and how many periods of sleep disturbance they had experienced (0.59). The poorest agreement was found for recall of whether participants had ever slept with an eye mask (0.45).

###### Kappa scores for test-retest reliability of sleep questions in the Breast Cancer Environment and Employment Study sleep questionnaire

  ----------------------------------------------------------------------------
  Usual sleep habits question (*n*)                        Kappa   *P*-value
  -------------------------------------------------------- ------- -----------
  Duration of sleep on work days (*n* = 192)               0.71    \<0.001

  Duration of sleep on non-work days (*n* = 192)           0.71    \<0.001

  Ever been diagnosed with a sleep disorder (*n* = 194)    0.69    \<0.001

  Ever taken melatonin to help you sleep (*n* = 192)       0.62    \<0.001

  Do you consider yourself a good sleeper (*n* = 187)      0.74    \<0.001

  Did you ever fall asleep with the light on (*n* = 187)   0.64    \<0.001

   - Did you usually leave it on all night (*n* = 66)      0.78    \<0.001

  Did you ever sleep with an eye mask (*n* = 186)          0.45    \<0.001

  Ever experienced periods of sleep disturbance\           0.60    \<0.001
  ​ in lifetime (*n* = 186)                                        

  Number of periods of sleep disturbance\                  0.59    \<0.001
  ​ in lifetime (*n* = 184)                                        
  ----------------------------------------------------------------------------

Forty-three participants reported never having experienced a period of disturbed sleep in their lifetime, and 24 participants had missing data such that sleep loss per year and symptom severity variables could not be calculated. In addition, for the sleep loss per year variable, a review of the data revealed an outlier---with a difference in sleep loss per year of almost twice that of the nearest value---which was excluded from the analysis. Ultimately, 127 participants with a value for sleep loss per year and 128 participants with a symptom severity score who reported at least 1 period of sleep disturbance at either time point were included in the ICC and LOA analysis.

The Wilcoxon test showed no systematic difference between mean sleep loss per year at the 2 time points (*P* = 0.42). This was supported by the LOA(r) plot (Figure [1](#fig01){ref-type="fig"}), which showed that the mean difference (bias) between reported sleep loss per year at time 1 and time 2 was not statistically significant (mean difference 8.74; 95% CI −2.96, 20.45). In addition, there was no evidence of dependence of the average bias between time 1 and time 2 as the amount of sleep loss per year increased: the β coefficient for the regression of the difference on the average sleep loss per year was 0.11 (95% CI −0.10, 0.33). The 95% LOA(r) ranged from −131.14 to 131.14, which indicates that even though, on average, the 2 estimates are the same, the sleep loss per year reported by an individual could vary from 131 fewer hours of sleep loss to 131 more hours of sleep loss per year from time 1 to time 2. To put this range into context, for a person who normally slept 8 hours a night (2922 hours of sleep per year), their reported sleep per year could vary from 2791 hours per year to 3053 hours per year). The ICC for lifetime sleep loss per year was 0.45 (95% CI 0.32, 0.59), which does not indicate strong agreement. Although the bias is small, and the dependence is not significant, the wide LOA(r) and the low ICC indicate modest agreement for the sleep loss per year variable.

![Limits-of-agreement (repeatability coefficient) plot of difference, by average sleep loss per year showing 95% LOA(r)](je-22-244-g001){#fig01}

For symptom severity, the median score at time 1 was 11, with a range from 0 to 46 (out of a possible 84 points). The Wilcoxon test showed no systematic difference between mean symptom severity at the 2 time points (*P* = 0.16). This is supported by the LOA(r) plot (Figure [2](#fig02){ref-type="fig"}), which indicated a small but nonsignificant level of bias between reported symptom severity at time 1 and time 2 (mean difference = −1.01; 95% CI −2.92, 0.90). That is to say, on average, people reported 1 less symptom at time 2 than at time 1. In addition, the ICC was 0.60 (95% CI 0.49, 0.71), which indicates moderate agreement. However, there was a very small dependence between the average bias between time 1 and time 2 as the severity score increased. The β coefficient for the regression of the difference on the average sleep loss per year was −0.19 (95% CI −0.36, −0.17), indicating that as severity score increased, the number of symptoms reported decreased slightly between time 1 and time 2. The 95% LOA(r) was wide, at −21.4 to 21.4, so although average symptom-severity scores were the same, the severity reported by individuals could vary from 21 points lower to 21 points higher from time 1 to time 2. Although the ICC was moderate and the bias was small, the significant dependence and wide LOA(r) indicate less than ideal agreement.

![Limits-of-agreement (repeatability coefficient) plot of difference on average symptom severity score showing 95% LOA(r)](je-22-244-g002){#fig02}

DISCUSSION
==========

Overall, the test-retest reliability of the sleep questions was good; however, it decreased as questions asked participants for increasing detail on specific periods of sleep disturbance.

Test-retest reliability of sleep questions ranged from 0.45 to 0.78. The strongest agreement was found for the sub-question that asked only those who slept with the light on whether they left it on all night. The poorest agreement was found for recall of whether participants had ever slept with an eye mask (0.45). However, only a small number of women reported this habit (*n* = 12). Good agreement was found for subjective sleep quality, duration of sleep on work and non-work days, diagnosis of sleep disorders, use of melatonin, and falling asleep with the light on. Moderate agreement was found for ever having experienced a period of sleep disturbance and number of such periods experienced.

Overall test-retest reliability of the sleep table was less than ideal. Although, on average, sleep loss per year and symptom-severity scores were the same at the 2 time points, the wide LOA(r) and the fair to moderate ICC indicate a need for improvement. In particular, the significant dependence found for symptom severity indicates a complex relationship between the difference and the mean of symptoms with increasing magnitude of symptom severity score. However, the β coefficient for dependence was relatively small (−0.19), and the LOA(r) analysis of skewed data will tend to give limits that are too far apart rather than too close, so we are not likely to have a falsely optimistic view of the agreement.^[@r22]^

Comparison with test-retest reliability of other sleep questionnaires is difficult. Although Devine et al identified 22 sleep questionnaires in their meta-analysis, only 8 were assessed for test-retest reliability. While none of those 8 questionnaires assessed recall of sleep data from more than 1 month prior, the Jenkins sleep problems scale^[@r23]^ and the Pittsburgh sleep quality index^[@r12]^ did contain questions or domains similar to those evaluated on the BCEES questionnaire. Both of these studies assessed test-retest reliability by using Pearson product-moment correlations, which are not directly comparable to the ICC and LOA(r) methods used in this study. Pearson correlations were not used in this study, as they have been shown to be inadequate for assessing test-retest reliability.^[@r19],[@r22]^ The Pearson correlation indicates the strength of a relationship between 2 variables but not the agreement between them, and good correlation may be present even when agreement is poor.^[@r22]^ ICC and LOA(r) have been shown to be better tools for measuring the reliability of continuous variables.^[@r19]^ Unlike correlation, the LOA(r) method does not provide a single number representing agreement, but presents a number of statistics that must be interpreted in light of each other and the wider scope of the clinical consequences.

The present findings indicate that some changes to the questionnaire---specifically to the questions associated with the sleep table---are warranted. Of the questions on sleep habits, the small number of people who reported ever using a mask to cover their eyes while sleeping, and the poor reliability of the question, suggest that it could be modified to ask about usually using a mask, or even excluded from future versions of the questionnaire. The sleep table asked participants to identify and describe periods of sleep disturbance that lasted 2 weeks or longer. The questionnaire included examples of significant life events such as the birth of children, divorce, bereavement, and illness as prompts to help participants recall events in their life that might be associated with periods of sleep disturbance. While the 2-week minimum timeframe was chosen based on a conservative definition of insomnia,^[@r24]^ the 2-week time frame might have been too specific for accurate recall in this context. Future versions of the questionnaire should consider increasing the minimum period of disturbance when collecting information on lifetime history of sleep disturbance. Little is known about the duration of poor sleep that is likely to affect long-term health outcomes; thus, there is no established minimum threshold appropriate for identifying exposure to sleep disturbance. In delineating insomnia into acute and chronic variants, a minimum duration of 6 months of sleep disturbance has been used as a threshold for chronic insomnia,^[@r24]^ which may be a useful value for adjusting the BCEES questionnaire.

Another option for improving the reliability of the sleep table may be to incorporate fuzzy range estimates rather than point estimates.^[@r25]^ The format of standard sleep questionnaires requires respondents to provide a single value to represent their subjective estimate of sleep. Gehrman and colleagues suggest allowing respondents to provide a range estimate, so that participants can communicate information on their habits and the stability of their estimates. For example, in the sleep table, instead of asking participants to specify a single number for how many hours of sleep they were getting during the period of disturbance, a fuzzy response format would ask them to identify a range, eg, "During the period of disturbance I would get between \_\_ and \_\_ hours of sleep per night." Gehrman et al suggest that the fuzzy response format may be better suited to the cognitive processes that underlie quantitative estimates of recalled sleep behavior. A test-retest study of fuzzy and point estimates for total sleep time and sleep latency found that fuzzy estimates were the same or better than point estimates.^[@r25]^ However, the potential advantages of fuzzy response formats are still speculative and would need to be weighed against the financial and psychological burden of the additional data collection.

The female study population was a limitation of this study. While survey studies of sleep quality have shown that women self-report higher rates of insomnia as compared with men,^[@r24]^ the reliability studies reviewed by Devine did not report their test-retest results by sex.^[@r13]^ Replicating the present study in men is important to improve the generalizability of the questionnaire. In addition, assessing the validity of the questionnaire is necessary.

In summary, this study found that the test-retest reliability of general sleep questions was good and that future epidemiologic studies of sleep could reliably expand the number of domains of sleep quality they assess to include duration of sleep on work and non-work days, subjective sleep quality, falling asleep with the light on, and experiencing periods of sleep disturbance. However, reliability decreased as participants were asked for increasing detail on specific periods of sleep disturbance, and changes to the sleep-table portion of the questionnaire are warranted.
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